A two-species predator-prey system with diffusion term and stage structure is discussed, local stability of the system is studied using linearization method, and global stability of the system is investigated by strong upper and lower solutions. The asymptotic behavior of solutions and the negative effect of stage structure on the permanence of populations are given.
2 A ratio-dependent predator-prey system
,
where X 1 (t), X 2 (t) represent, respectively, the immature and mature prey populations densities; Y (t) represents the density of predator population; f > 0 is the transformation coefficient of mature predator population; αe −γτ X 2 (t − τ) represents the immatures who were born at time t − τ and survive at time t (with the immature death rate γ), and τ represents the transformation of immatures to matures; α > 0 is the birth rate of the immature prey population; γ > 0 is the death rate of the immature prey population; and β > 0 represents the mature death and overcrowding rate. The model is derived under the following assumptions.
(H1) The birth rate of the immature prey population is proportional to the existing mature population with a proportionality constant α > 0; the death rate of the immature prey population is proportional to the existing immature population with a proportionality constant γ > 0; we assume for the mature population that the death rate is of a logistic nature. This suggests that if we know the properties of X 2 (t), then the properties of X 1 (t) can be obtained from X 2 (t) and Y (t). Therefore, in the following we need only to consider the following model:
(1.4)
In [19] , the effect of delay on the populations and the global asymptotic attractivity of the system (1.4) were considered, for detailed results we refer to [19] . However, the diffusion of the species which is in addition to the species' natural tendency to diffuse to areas of smaller population concentration is not considered. For the details of diffusion in different areas, we can see [4, [12] [13] [14] [15] [16] [17] 22] . In this paper, we study the system (1.1) with diffusion terms, taking into account the diffusion of the species in different areas. The role of diffusion in the following system of nonlinear pdes with diffusion terms and stage structure will be studied:
, 5) where ∂/∂n is differentiation in the direction of the outward unit normal to the boundary ∂Ω, we assume Ω ⊂ R N is open, bounded and ∂Ω is smooth. The diffusion coefficients D 1 , D 2 , and D 3 are positive. The homogeneous Neumann boundary condition indicates that the predator-prey system is self-contained with zero population flux across the boundary. The initial functions ϕ 1 (x,t), ϕ 2 (x,t), and ϕ 3 (x,t) are Hölder continuous, and satisfy the compatible condition
Denote u 2 (x,t) and v(x,t) as u 1 (x,t) and u 2 (x,t), respectively, so we get the following subsystem of the system (1.5):
Note that the quantities u 2 (x,t) and v(x,t) of the system (1.5) are independent of the quantity u 1 (x,t), so we may only consider the subsystem (1.7) to be easy to get the properties of the system (1.5). Before proceeding further, let us nondimensionalize the system (1.7) with the following scaling:
4 A ratio-dependent predator-prey system We obtain the following nondimensionless system:
where a = αe −γτ , b = c/m. The remaining part of this paper is organized as follows. The existence and uniqueness of the solutions of system (1.8) will be proved in Section 2. In Section 3, we obtain conditions for local asymptotic stability of the nonnegative equilibria of system (1.8).
In Section 4, we analyze the global asymptotic stability and obtain conditions for global asymptotic stability of the nonnegative equilibria of system (1.8).
Existence and uniqueness of the solutions
In order to solve the problem and prove theorems, we devote to some preliminaries. We rewrite system (1.8) to
where
to be a pair of strong upper and lower solutions, if u 1 , u 1 , u 2 , and
Similar to Definition 2.1, the definition of a pair of strong upper and lower solutions of the elliptic system corresponding to system (2.1) is easy to be given.
, and c i j ≥ 0 for i, j = 1,2, and
From Lemma 2.2 we easily get the following lemma.
Lemma 2.3. For any given T > 0, if u(x,t) and v(x,t) belong to C(Ω
× [0,T]) ∩ C 2,1 (Ω × [0,
T]) and satisfy the relations
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Theorem 2.4. Let u 1 (x,t) and u 2 (x,t) be the solutions of system (2.1) 
(2.8)
In order to investigate system (2.1), we firstly consider the following system:
Since a = αe −γτ = 0 and b 12 ≡ 0, by Lemma 2.2 we have
Therefore, from the first equation of system (2.9) at the point (x 0 ,t 0 ), we have
That is
Hence, we obtain 
(2.16)
By Lemma 2.3, we have
So we have
(2.19)
Local asymptotic stability of the equilibria
In this section, we discuss local asymptotic stability of the nonnegative equilibria by linearization method and analyzing the so-called characteristic equation of the equilibrium. It is obvious that system (2.1) only has three nonnegative equilibria: the equilibrium E 1 (0,0), the equilibrium E 2 (a,0), and the positive equilibrium
We will point out that E 1 (0,0) cannot be linearized though it is defined for system (2.1), so the local stability of E 1 (0,0) will be studied in another paper.
Let μ 1 < μ 2 < μ 3 < ··· < μ n < ··· be the eigenvalues of the operator −Δ on Ω with the homogeneous Neumann boundary condition, and let E(μ i ) be the eigenfunction space corresponding to μ i in C 1 (Ω). It is well known that μ 1 = 0 and the corresponding eigenfunction φ 1 
From [5] , we know that the characteristic equation for the system (3.2) is equivalent to
That is 3.1. Local asymptotic stability of the equilibrium E 2 (a,0). From (3.4), it follows that at the equilibrium E 2 (a,0),
From the first factor of (3.5), we see
Now we will determine that all roots of (3.7) satisfy Reλ < 0. Suppose that there exists λ 0 such that Re λ 0 ≥ 0. From (3.7), we deduce that By the second factor of (3.5), we have 
(3.12)
Separating real and imaginary parts and applying (3.12) to (3.11), we obtain the equations
10 A ratio-dependent predator-prey system Assume, for contradiction, that there exists a root λ such that Re λ = x ≥ 0. By (3.12), we have 
Using (3.13) and (3.14), we have
If N 2 = 0, by (3.15) and (3.18), we get
it is a contradiction to (3.17) . If N 2 = 0, from (3.12), we deduce M 2 = 0, again using (3.13), we have 20) that is,
It is obvious that
2 ) 2 does not satisfy (3.21), so we have So all roots of (3.22) are given by (3.23) , that is,
Proof. Since ( c, c) is a pair of coupled upper and lower solutions of the system (2.1), so it follows from (2.2) that
This givesc 1 (0) ≥c 1
(1) and c 1 (1) ≥ c 1 (0) . Similarly by (2.2) and the quasimonotone property, we have Proof. By the standard maximum principle for parabolic boundary-value problems with homogeneous Neumann boundary condition, we see that Hence, for any ε > 0, there always exists t * * > 0 as t > t * * such that u 1 (x,t) ≤ ω 1 (x,t) ≤ a + ε. (4.27) 
